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cocarcinogen, or promoter; alcohol acting as a solvent facilitating
transport of carcinogens across membranes; induction of microsomal
enzymes by alcohol leading to activation and/or metabolism of car-
cinogens; alcohol as a source of putative carcinogenic contaminants
in alcoholic beverages; alcohol-related nutritional deficiencies; and
alcohol abuse associated with immunosuppression.  These have been dis-
cussed by Kissin and Kaley (1974), Vitale and Gottlieb (1975), McCoy
and Wynder (1979), Lieber e£ al. (1979), Schottenfeld (1979), and Vitale
ej^al. (1981).
There are only a few experimental data to indicate that alcohol
can act either as a carcinogen or cocarcinogen or that its solvent
properties facilitate the transport of carcinogens across cell mem-
branes.  The relationship of alcohol-induced immunosuppression to
tumorigenesis in animals has not been explored, and the role of alco-
hol-related nutritional deficiencies to carcinogenesis in animals is
only in the preliminary stages of investigation.
Alcohol and Induction of Microsomal Enzymes
The chronic feeding of ethanol to laboratory animals can increase
the activity of the hepatic microsomal enzymes responsible for bioacti-
vation of procarcinogens (Rubin et_ aJ., 1970).  Polycyclic hydrocarbons,
e.g., benzo[ajpyrene, were activated to a greater extent when rats were
fed ethanol than when they were fed a control diet (Seitz et_ al^ , 1978).
In contrast, Capel e£ al. (1978) reported a decrease in benzofajpyrene-
hydroxylase activity following chronic administration of ethanol. McCoy
et_ al^. (1979) demonstrated that ethanol fed to hamsters for 28 days in-
creased the hydroxylation rates of two cyclic nitrosamines, N-nitroso-
pyrrolidine and N-nitrosonornicotine, which are found in mainstream and
sidestream tobacco smoke. Enhanced mutagenicity of these hydroxylated
compounds was assessed with the Ames test.  The enhanced activation of
both nitrosamines by ethanol provides some experimental evidence for the
synergistic effect of chronic alcohol abuse and smoking in the induction
of head and neck cancers. Microsomal activation of tobacco pyrolysate
has been observed in the rat lung, and activation of benzo[ajpyrene
occurs in cultures of small bowel tissue.  The metabolic activation of
these procarcinogens was increased in tissues chronically exposed to
ethanol by injection (McCoy et al., 1979).
Occurrence of Putative Carcinogens in Alcoholic Beverages
Certain congeners of alcoholic beverages, e.g., nitrosamines
(Lijinsky and Epstein, 1970) and fusel oil (Gibel ejt^ al., 1968), have
been demonstrated to produce tumors of the stomach and esophagus in
laboratory animals.  Other putative carcinogens found in alcoholic
beverages include polycyclic hydrocarbons, such as phenanthrene,
fluoranthrene, benzanthracene, benzo[ajpyrene, and chrysene (Goff and

